R E S E A R C H A R T I C L E
Impact of model-based science curriculum and instruction on elementary students' explanations for the hydrosphere model-based explanations for the hydrosphere. Engagement in scientific modeling allowed students to articulate hydrologic phenomena by (1) identifying various elements that constitute the hydrosphere, (2) describing how these elements influenced the movement of water in the hydrosphere, and (3) demonstrating underlying processes that govern the movement of water in the hydrosphere.
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| IMPACT OF MODEL-BASED SCIENCE CURRICULUM AND INSTRUCTION ON ELEMENTARY STUDENTS' EXPLANATIONS FOR THE HYDROSPHERE
Sustainable management of global water resources in the 21st century necessitates students understand and learn to engage with water-related issues. However, developing a rich understanding of the hydrosphere and its underlying processes continues to be challenging for K-12 students (Dickerson, Pennick, Dawkins, & Van Sickle, 2007; Gunckel, Covitt, Salinas, & Anderson, 2012) . This is especially true for early learners, who often find it difficult to conceptualize components of hydrological processes that are not readily observable (Bar & Travis, 1991; Dove, Everett, & Preece, 1999; Forbes et al., 2015a; Henriques, 2002; Schwarz et al., 2009; Schwarz & White, 2005; Zangori et al., 2017) . Over the past 5 years, we have engaged in design-based research to address these challenges by developing, implementing, studying, and revising a project-developed, model-centric version of the Full Option Science System (FOSS) Water (FOSS, 2005) unit in third grade classrooms (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) . Within the bounds of the curricular intervention developed in collaboration with partner teachers, we have observed encouraging findings suggesting that when elementary students are supported through both curriculum and instruction, they can effectively engage in scientific modeling and sensemaking about hydrologic concepts. However, thus far, we have not explored the comparative impact of a project-developed, model-centric curricular intervention on students' model-based explanations (MBEs) for the hydrosphere. Therefore, building upon our earlier project work, we present results from a quasiexperimental study comparing student outcomes from third grade classrooms implementing a modeling-enhanced version of the 6-week FOSS Water unit to those from another set of classrooms using the standard, commercially available, unmodified version of the unit. For this purpose, we first examine the fidelity of implementation (FOI) of both groups of teachers' curriculum implementation, evaluating the degree to which the two versions of the curriculum were implemented as designed, followed by an assessment and comparison of the impact of scientific modeling on students' MBEs for the hydrosphere in both groups. Our research questions for this study are:
1. How do the two versions of the curriculum afford third grade students opportunities to engage in scientific modeling to learn about hydrologic phenomena?
2. How does the modeling-enhanced curriculum impact students' model-based explanations (MBE) for hydrologic phenomena?
| Research on teaching and learning about water
Standards for student learning about water in elementary grades focus on understanding water's unique properties, its effect on various subsystems, and its influence on numerous processes shaping the earth's surface. These concepts are fundamental for elementary students to begin understanding of the role of water in Earth surface processes as described in the Next Generation Science Standards (NGSS Lead States, 2013) . The NGSS recommend that primary (K-2) students should be able to comprehend the physical characteristics of water and its various forms that exist in the earth systems (atmosphere, hydrosphere, lithosphere, and biosphere). Similarly, students in upper elementary grades (3-5) should be able to describe how water influences water-driven phenomena across various locations and time.
To meet these learning objectives across the K-5 grades, students should be afforded experiences to build-off of their everyday experiences with water to begin visualizing water systems that involve processes, such as evaporation, condensation, precipitation, runoff, and groundwater. However, even with an emphasis on developing students' understanding about the hydrosphere, early learners may struggle to comprehend concepts related to water (Baek, Schwarz, Chen, Hokayem & Zhan, 2011; Brooks, 2009; Dove et al., 1999; Henriques, 2002) . Prior research has illustrated some of the boundaries of elementary students' reasoning about water and the hydrosphere. These studies have shown that elementary students identify with and describe certain elements of water systems much more readily than others. For example, they emphasize dimensions of water systems that are more easily observable (e.g. the clouds and the surface of the Earth) more so than those that are not as easily experienced (e.g. groundwater and water vapor in the atmosphere; Zangori et al., 2017; Dickerson et al., 2007; Dove et al., 1999; Henriques, 2002) . Similarly, early learners tend to emphasize certain water-related processes, such as precipitation and surface flow, more than others do, particularly the transition of water from liquid to gaseous phases (Bar & Travis, 1991; Schwarz & White, 2005; Zangori et al., 2015) . These insights into elementary students' reasoning about water systems illustrate the importance of learning opportunities through which they can begin to use evidence to formulate explanations for both easily observed and less-easily observed water-related phenomena.
| Model-based teaching and learning
Scientific modeling is an important scientific practice through which students can build conceptual understanding about natural phenomena (Schwarz et al., 2009; Coll, France, & Taylor, 2005; Gilbert, 2004; Gouveau & Passmore, 2017; Grosslight, Unger, Jay, & Smith, 1991; Stewart, Cartier, & Passmore, 2005) . Scientific modeling can involve an array of practices and products, such as drawing diagrams, creating simulations, formulating mathematical concepts, and creating analogies. It affords opportunities for students to develop representations, use them to generate model-based explanations, and develop their understanding of natural phenomena. One of the seven science and engineering practices recommended for science classrooms (Bybee, 2011; NGSS Lead States, 2013) , modeling facilitates a process through which learners can construct and used abstracted representations of the various components, interactions, and processes that constitute a particular science concept or phenomenon (Krajcik & Merritt, 2012) . With the help of models as cognitive tools, students can transition from sensemaking (with experience) to thinking scientifically (with experience and modeling) and making predictions about the natural phenomenon in context. Scientific modeling has been shown to be effective with early learners in elementary science learning environments across a variety of disciplinary domains, including the life sciences, geosciences, and mathematics (Acher, Arcà, & Sanmartí, 2007; Lehrer & Schauble, 2010; Louca & Zacharia, 2015; Manz, 2012; Schwarz & White, 2005; Zangori et al., 2017) .
Our theoretical and analytical framework is defined by a mechanism-based perspective on scientific explanation-construction Schwarz & White, 2005; Zangori et al., 2017) . This perspective on students' formulation of evidence-based explanations is underpinned by the practices of modeling. Within the practices of modeling, students construct models pertaining to a driving question, they use their models to predict, investigate, or explain a phenomenon, and after they collect data and evidence, they evaluate their models for their explanatory power and revise their model based on new understanding. The mechanism-based perspective used to assess student models includes five core epistemic features that serve to analyze what elements, processes, and interconnections are represented in students' articulation of how and why these elements, processes, and interconnections occur. In this perspective, the components are the elements students include in their diagrammatic models, such as clouds, rivers, and the ground. The sequences are articulated and illustrated relationships that occur between components. These are often temporal connections between different components (e.g. water changing phases). The explanatory process represents the reasoning behind the connection; the cause and effect of the underlying mechanism. Mapping identifies how students understand their models as a bridge between theory and the physical world, while the scientific principle addresses the accuracy of the students' explanation of the phenomenon.
| Cultivating model-based science learning environments
Students' model-based reasoning is supported through effective science curriculum and instruction which, when operating synergistically and in mutually constitutive ways, can productively shape and define model-centered science learning environments. In effectively designed, model-centered science classrooms, students' use of models to develop conceptual understanding of a natural phenomenon is actively scaffolded and supported. A given model-based science sequence (MBSS) provides students with opportunities to construct, use, evaluate, revise, and/or elaborate models of natural phenomena (Abell & Roth, 1995; Baek, Schwarz, Chen, Hokayem, & Zhan, 2011; Stewart et al., 2005) . An MBSS provides single or multiple student-centered investigations in which students create and use models, often their own, to construct explanations and make predictions. Curriculum materials are crucial to establishing norms of modeling practice through careful design and structuring of MBSS as embodied in teacher lesson plans, investigation guides, student artifacts, and other tangible curricular resources. The development of curriculum materials that support scientific modeling through explicit scaffolding for model development, use, evaluation, and revision is a primary pathway through which to cultivate model-centered science learning environments (Gilbert, 2004) .
Though curriculum materials are important, teachers also shape students' opportunities for students to engage in scientific modeling to reason about natural phenomena. For example, through instruction, teachers can (1) coordinate appropriate modeling activities that correspond to a driving question, (2) attend to students' ideas and promote dialogue between students to communicate and negotiate models, (3) associate students' ideas with the science concepts that relate to the driving question, (5) assist students in recognizing and developing the most important elements of their model, and (6) critically evaluate student models until a complete and accurate model of the target phenomenon is developed and students are capable of using their model to reason about the scientific phenomenon. However, even if each of these elements is enabled by MBSS in designed curriculum materials, teachers may actually achieve these goals and support students' model-based reasoning through a variety of pedagogical approaches (Akerson, White, Colak, & Pongsanon, 2011; Justi & Gilbert, 2002; Kahn, 2011; Oh & Oh, 2011) , including specifically to support elementary students' learning about water (Marquez, Izquierdo, & Espinet, 2006; Vo et al., 2015; Zangori et al., 2017) . This is consistent with broader findings from research that shows teachers implement a given curriculum in unique ways, depending on their own priorities, needs of their students, and/or curricular constraints (Brown, 2008; Krajcik & Delen, 2017) . As such, to understand the opportunities students are afforded to engage in scientific modeling in the classroom, it is important to also characterize the degree of fidelity with which teachers implement a model-based curriculum, or fidelity of implementation (FOI, Century, Rudnick, & Freeman, 2010) .
| STUDY DESIGN AND METHODS
This quasi-experimental, comparative, mixed methods (Creswell & Plano Clark, 2011 ) study took place during the final year of a 5-year, NSF-funded project intended to (1) promote third grade students' MBEs for the hydrosphere through curriculum and instruction and (2) investigate how modelbased science instruction influences student learning outcomes. It builds upon previous findings from an ongoing design-based research program (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) and serves as a capstone study investigating the impact and effectiveness of the curricular intervention iteratively developed over the course of the project.
| PARTICIPANTS AND CONTEXT
This study occurred in a single Midwestern state in the US involving teachers from four school districts, all of which were served by a regional educational service center providing science curriculum materials and instructional support. Teachers in the study were selected for their use of the FOSS Water curriculum, a commercially available 6-week science unit involving four stand-alone but interrelated investigations about water. Their district-level elementary science curriculum scope and sequence was determined, in part, by a service agreement with a regional educational service unit that provided curricular resources to client schools for grades K-5. The FOSS Water unit was a standard offering at the third grade level in client schools and districts across this region of the state. Each of the teachers (n = 11) in this study implemented the FOSS Water unit each school year as part of their normal, district-level elementary science curriculum. As part of this service agreement, every third grade teacher in client schools and districts participated in a standard, 2-day professional development workshop specific to the Water unit facilitated by educational service unit staff, including the teachers in this study. At the time of this study, there were approximately 380 third grade teachers served by the educational service unit using the FOSS Water unit.
Given the quasi-experimental nature of the study, random assignment of teachers and students to the intervention and comparison groups was not possible. However, teachers in both groups were purposefully selected (Patton, 2001 ) from urban, suburban, and rural schools serving diverse student populations with variant socioeconomic profiles to maximize generalizability within the scope of the project. Minimum criteria for teacher recruitment included at least 5 years of classroom teaching experience, at least 3 years' experience implementing the FOSS Water unit, no direct prior experience with model-based teaching and learning (i.e. professional development workshops), and a position in a publicly funded school district served by the educational service unit. Project partners from the educational service unit also provided recommendations for specific teachers based upon their own experiences working with teachers in client schools and professional development workshops focused on the Water unit. In general, we sought teachers who had shown an interest and willingness to engage in educational innovation within the bounds of their curriculum, resources, and contexts. Based upon these criteria, specific teachers were identified for the project and invited to participate.
It was estimated that six (n = 6) third grade classrooms would afford the number of students (n ≈ 100) that exceeds the minimum sample size (n = 72) specified by a one-tailed power analysis (statistical power ≥ 0.8, α ≥ .4, p ≤ .05) required to compare scores on student models and is consistent with sample sizes used in other studies that have investigated the effect of curricular interventions. This initial estimate was verified by data collected in the early stages of the project Zangori et al., 2015; Zangori et al., 2017) . Given the fairly large population of eligible teachers, we were initially able to recruit the planned number of teachers (n = 6) for both groups. Descriptive information for these classrooms, teachers, and students are provided in Table 1 . While the student-level demographic information was not a focus of the project and therefore not collected as data, Table 1 provides evidence of teacher-and school-level matching that was achieved in this quasi-experimental study.
In the first year of the project, we recruited six third grade teachers (intervention group) from five schools in three school districts and worked collaboratively with these teachers over the first 3 years of the project to modify, pilot, and revise a modeling-enhanced version of the Water unit. As part of the recruitment, they were informed of expectations for the project and asked to make a 3-year commitment to working with the project team on modification and implementation of the curriculum, as well as assisting in project research. Given the multi-year commitment required, we prioritized the recruitment of experienced and "stable" teachers. One teacher approached about participation was unable to make these commitments so the team of teachers in the intervention group was sampled from an initial group of seven teachers contacted out of the total population. More information about these teachers can be found in prior studies documenting earlier stages of the project (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) . However, one teacher from the intervention group-an early career teacher-did drop out of the project after Year 1 due to changes in her grade level teaching assignment. This teacher's exclusion from the dataset resulted in a lower average FRL and higher average number of years' teaching experience for teachers in the intervention group as compared to the comparison group (Table 1) . In Year 4 of the project, we recruited five (n = 6) additional third grade teachers in four schools across three school districts that enacted the standard, unmodified version of the FOSS Water unit (comparison group). For this recruitment process, we sent an informational email to all teachers in the population of third grade teachers served by the educational service unit teaching the Water unit. In response to our communication, we received interest in participating from a subset of teachers (n = 32). Based upon information provided by these teachers and the educational service unit, we identified six teachers from this who met the minimum requirements of participation and collectively provided the best comparative sample to the intervention teachers that could be achieved based upon variables presented in Table 1 . In particular, we attempted to recruit teachers who reflected the average years teaching experience of US elementary teachers (n = 14; Goldring, Gray, & Bitterman, 2013) . Five of the six comparison group teachers were in a single elementary school in a mid-size rural community that served a sizable Hispanic population.
| Curricular context

| FOSS water unit
The FOSS Water (2005) unit is a 6-week elementary science module that involves a series of four investigations about various topics related to water (properties of water, changes in water and interactions between water and other earth materials). Each investigation consists of multiple inquiry-based experiences through which students are introduced to and explore water-related concepts. The investigations afford students opportunities to engage in hands-on activities, such as conducting experiments, collecting data, and generating inferences. The first investigation engages students in observing water surface tension and predicting what happens to water moving on different surfaces. The second and third investigations focus on the examination of the various phases of water (solid, liquid, and gas) that occur at different temperatures and exploration of evaporation and condensation. The fourth and final investigation affords students opportunities to observe and record measurements of water moving through soil, sand, and gravel to develop understanding of the movement of water through various Earth materials. The commercially available curriculum module includes a full set of teaching materials and instructional resources (lesson plans, assessments, technology, and media, etc.) and student materials (physical materials for hands-on investigations, student texts, and student notebook templates). These materials were provided in full to teachers each year by the educational service unit.
| Student modeling tasks
In this study, students in both comparison and intervention classrooms completed a project-developed pre-and post-unit modeling task with specific instructions for responding to the guiding question "where does the rain go when it reaches the ground?" The students were asked to develop a model of the water cycle and illustrate their response to this question using pictures and descriptors, such as arrows and words. Prior to completing the modeling task, teachers instructed students to:
Use the box on the next page to draw a model of what you think happens to rain after it reaches the ground. Include what you think are the very most important things that happen to rain when it reaches the ground. Include what you think happens on top of and under the ground when it rains. Show why these things happen to rain when it reaches the ground. If helpful, use words and/or numbers to label parts of your model. After developing their model, students wrote responses to open-ended prompts reflecting upon the cause, effect, and the mechanism of movement of water in the hydrosphere. The guiding questions provided to students were: (a) What does your model show happening to water when it reaches the ground? (b) Why do you think this happens to water when it reaches the ground?, (c) What have you seen that makes you think this is what happens to water when it reaches the ground?, and (d) How would you use your model to explain to others what happens to water when it reaches the ground? The postunit modeling task was identical to the preunit modeling task. The modeling task provides a pre-and post-unit measure of students' model-based explanations for water-related concepts targeted in the unit. Refer also (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) for more information about the modeling task.
| Enhanced intervention
During the first 3 years of the project, the project team iteratively developed and tested modifications to the Water unit intended to enhance students' engagement in scientific modeling by providing explicit opportunities for developing, using, evaluating, and revising models of the water cycle to understand the "what," "why," and "how" about the movement of water in the hydrosphere. These unit enhancements were developed in collaboration with teachers from the intervention group and included changes to both student materials and teacher materials (i.e. lesson plans). Throughout the first 3 years of the project, these unit enhancements were piloted and studied in the classrooms of teachers in the intervention group (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) . The modeling-enhanced version involved a substantial unit redesign with full integration of modeling practices to lesson plans and student activities to significantly enhance MBSS in the unit. Approximately 60% of the original unit materials were modified as part of the enhanced intervention.
Each of the four investigations in the FOSS Water unit was modified to integrate consistent, coherent, theoretically aligned opportunities for students to engage in scientific modeling practices aligned with the project's underlying theoretical framework. This included opportunities to engage in modeling practices (constructing, using, evaluating, and revising models) and formulate model-based explanations (component, sequence, explanatory process, mapping, and scientific principle). A summary of these unit modifications is shown in Table 2 .
In each investigation, students were provided opportunities to make a prediction about the specific water-related phenomenon under investigation using their preunit model of the water cycle. Next, students were provided prediction prompts to write what they hypothesized would happen and why. Students then performed the FOSS investigation, recorded their observations, and interpreted their observations using their preunit model. Finally, students developed a smaller-scale, two-dimensional diagrammatic process model of the water-related phenomenon emphasized in the investigation to illustrate and explain how and why their observations occurred and were provided with reflection prompts to consider the cause, effect, and underlying mechanism for the phenomenon emphasized in each investigation. After each of these four unit investigations, students returned to their original preunit model and evaluated whether it adequately accounted for phenomena they just investigated. They were asked to make changes to their original model in specific colors, depending on the investigation, to revise their model to better account for phenomena in their investigations as part of the broader hydrologic cycle. After the completion of all four investigations and associated tasks, students developed their postunit model as a final artifact reflecting their knowledge of the water cycle.
| Data collection
All teachers and student provided informed consent/assent through an approved IRB protocol for the project. Data reported in the study reflects a teacher consent rate of 100% and student consent rate of approximately 68% across all classrooms. The vast majority of student nonconsent resulted from unreturned consent forms.
| Student modeling tasks
All students completed a pre-and post-unit modeling task. These pre-and post-unit student models were collected in both intervention (n pre = 85, n post = 85) and comparison classrooms (n pre = 116, n post = 116).
| Classroom observations
Identical data were also collected in the intervention and comparison classrooms to examine how the teachers enacted their respective versions of the Water unit (modeling based and nonmodeling based). Each teacher was observed five times during their enactment of the FOSS Water unit during preidentified lessons from the unit. These lessons were identified to provide anticipated evidence of (1) a representative set of modeling practices as emphasized in our theoretical framework and observation protocol and (2) to reflect components of the curriculum that had undergone significant modification in earlier stages of the project (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) and as implemented by the intervention teachers in this study. Video-recordings (n = 47) of the curriculum enactment, ranging from 30 to 90 min, were collected by the project team. While most video recording captured a single enacted lesson, some involved instruction spanning multiple lessons from the curriculum (i.e. parts of multiple lesson plans), depending on particular teaching schedules of individual teachers. Lesson plans from both versions of the Water unit were also collected from the intervention and comparison teachers. Each lesson plan from the participant teachers was matched to a video recorded lesson observation, resulting in five (n = 5) matched pairs Over the first 3 years of the project, a scoring rubric was developed for evaluating students' modelbased explanations Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) . This rubric provides an empirically grounded measure of learning performances for the five core features of the mechanism-based perspective on students' MBEs. For each epistemic feature of students' MBE for the water cycle (components, sequence, explanatory process, mapping, and scientific principle), a score of 0-3 is possible. Each level reflects the progressively higher level of sophistication in a particular epistemic component of students' MBE. The rubric is included in Appendix A. The rubric affords a score for each of the five underlying epistemic dimensions, as well as an overall aggregate score for students' MBEs for the water cycle. All (100%) pre-and post-unit student modeling tasks from the intervention and comparison classrooms were jointly scored by a subset of two authors. Two scorers are original members of the project team involved in the initial development and use of the rubric in previously published studies Zangori et al., 2015; Zangori et al., 2017 ). Cohen's quadratic-weighted kappa was estimated to assess the level of agreement between the two scorers. Results indicated a strong agreement between the raters with a weighted-κ = .88. After discussion among scorers, 100% agreement was reached for scoring. Once the pre-and post-unit scores were obtained for the modeling task, they were subtracted to obtain gain scores, representing changes to each student's MBE over the course of the unit. These scores were then imported into SPSS for statistical analyses.
All student modeling tasks were also analyzed qualitatively. Each modeling task was imported into MAXQDA, a qualitative data analysis software suite, and coded for the epistemic features of mechanismbased explanations (components, sequences, mapping, explanatory process, and scientific principle). Twenty percent of the student data sources were co-coded by two authors. Inter-rater reliability among the coders averaged at 80% and, after discussion among raters, 100% agreement was reached.
| Planned and enacted lessons
To provide a measure of FOI, the project team developed an observation protocol aligned with fundamental theoretical and pedagogical elements of scientific modeling. The instrument is designed to embody four practices of modeling-construct, use, evaluate, and revise-that are described as indicators of effective model-based teaching and learning (Abell & Roth, 1995; Schwarz et al., 2009 Schwarz et al., , 2015a Schwarz et al., , 2017 Gilbert, 2004) . While other observation instruments have been developed to characterize teaching and learning in science classrooms (Bodzin & Beerer, 2003; Forbes, Biggers, & Zangori, 2013; Luft, 1999; Sawada et al., 2002) , none is specifically designed to focus on scientific modeling. To establish the validity of the new instrument, we performed two primary tasks. First, we conducted a literature review to validate whether the attributes described in the protocol represented the knowledge of scientific modeling and represented features specific to instruction focused on scientific modeling in the elementary classrooms. This involved a review of peer-reviewed manuscripts specifically focused on scientific modeling as a mode of instruction. Second, we subjected the instrument to an external review and feedback from experts on scientific modeling. The components of the resulting observation protocol reflect core tenets of theory from the field of science education and are aligned with a mechanismbased perspective on model-based reasoning. The instrument is comprised of a total of 34 indicators for model-based teaching and learning during an MBSS.
The instrument (Appendix B) was used to score teacher implementation videos and associated lesson plans for both comparison and intervention classrooms. All 55 matched lesson plans and video recorded enacted lessons were scored. Each indicator was scored on a scale from 0 to 3, where 0 = not observed, 1 = below expectations, 2 = meets expectations, and 3 = exceeds expectations. Three authors jointly scored a 30% sample (n = 14) of the matched lesson plans and video recorded lessons. Cohen's quadratic-weighted kappa was estimated to assess the level of agreement between the two raters on each indicator of the rubric for all 55 matched lessons and video recorded observations. Results indicated a strong agreement between the raters with a weighted-κ = .835. After discussion among scorers, 100% agreement was reached for each data source. The scores for individual components were summed to provide a total aggregate score for each component and sub-scores for each attribute of the components.
| Data analysis
Both quantitative and qualitative methods of data analyses were used to examine evidence of modelbased teaching and learning in comparison and intervention classrooms, as well as third grade students' MBEs for the hydrologic phenomenon. First, quantitative methods were used on scores from (a) unit lesson plans and video recorded lesson enactments and (b) students' MBEs for both pre-and post-unit models. This was followed by a qualitative analysis of student modeling tasks to help substantiate trends identified through the quantitative analyses.
Scores from the student modeling tasks for students' MBEs about water were entered into SPSS for analysis. Scores for each student consisted of a pre-and post-unit model score for each of the five epistemic features and a total score representing the sum of the epistemic feature scores. First, preunit total scores were analyzed to determine if baseline equivalency was established using guidelines provided by the What Works Clearinghouse (WWC; Institute of Education Sciences, U.S. Department of Education, 2017). According to the guidelines, a Hedges' g effect size greater than 0.05 indicates lack of baseline equivalency and the need for statistical adjustment. It was found that the groups were not equal on preunit total scores and thus statistical adjustment would be required. The lack of baseline equivalency, however, was not surprising given the quasi-experimental nature of the study and the purposeful sampling technique employed. Next, a multivariate analysis of covariance (MANCOVA) was conducted to determine if the groups differed on the set of postunit epistemic feature scores, controlling for preunit epistemic feature scores. Follow-up univariate analysis of covariance (ANCOVA) tests was conducted to determine if groups differed on each postunit epistemic feature, controlling for scores on the other postunit epistemic features and preunit epistemic feature scores. Finally, partial Eta squared effect sizes were calculated for each significant relationship.
The scores for observed and planned modeling practices from unit lesson plans and video recorded lesson enactments were analyzed descriptively to identify the relative amount of observed modeling instructional practices in each condition and the extent to which teachers delivered their lesson plans with fidelity. These analyses provided a measure of (1) the extent to which modeling instruction occurred in the two sets of classrooms, and (2) whether the teachers delivered the content of their respective versions of curriculum with fidelity. First, average scores and standard deviations were calculated for the four modeling practice components (construct, use, evaluate, and revise) for each planned and enacted lesson. To examine the extent to which modeling instruction occurred in the two sets of classrooms, a mean difference was calculated by subtracting the intervention group mean scores from the comparison group mean scores. Similarly, mean difference scores were calculated to examine the extent to which teachers adhered to their planned lessons by subtracting the enacted mean scores from the planned mean scores. Cohen's d effect sizes were then calculated for each mean difference.
Qualitatively coded data from the student modeling tasks for each of the five epistemic features of MBEs (components, sequences, mapping, explanatory process, and scientific principle) were queried from the larger dataset. The purpose of data reduction after the initial coding round was to isolate data specific to the mechanism-based epistemic features to examine patterns and themes (Miles & Huberman, 1994) in students' MBEs. Once themes within the student data were established, we used pattern matching (Patton, 2001) within and between student data from intervention and comparison classrooms to look for similarities and differences. The qualitative analysis involved an iterative process of data coding, displaying, and verification (Patton, 2001 ) to identify themes within pre-and postunit modeling tasks that provided insight into the students' articulation ofMBEs for water-related phenomena. These themes, as well as differences between the two groups of students, are reported within the results of this paper.
| RESULTS
In the following sections, we provide empirical findings to address our research questions. First, scores from the observation protocol are used to describe model-based curriculum enactment in both groups of classrooms. This includes both (1) modeling practices observed in the comparison and intervention classrooms in association with implementation of the Water unit and (2) FOI for both versions of the unit as evidence of the degree to which observed model-based teaching and learning reflected the MBSS embodied in each version of the unit. Second, MBE scores from student models in the intervention and comparison group classrooms are described using five core epistemic features of scientific modeling to analyze if the exposure to a modeling-enhanced curriculum resulted in improved student model-based explanations.
To address RQ1, we asked, how do the two versions of the curriculum afford 3rd-grade students opportunities to engage in scientific modeling to learn about hydrologic phenomena? First, analysis of the planned lessons showed that the modeling-enhanced version of the FOSS Water unit provided more opportunities for students to engage in scientific modeling than did the standard, unmodified version of the unit (M comparison = 24.58, SD = 3.88, and M intervention = 33.9, SD = 11.16), and represents a large effect size, d = 1.12. Second, a comparison of the planned lessons with the enacted lessons demonstrated that the two versions of the FOSS Water unit were enacted with relative fidelity FIGURE 1 Comparison of mean scores for modeling practices in teachers' planned and enacted science lessons by the teachers in both intervention and comparison groups. Both groups provided fewer opportunities for students to construct and use their models than were anticipated from lesson plans (Figure 1 ). However, in the intervention classrooms, students were afforded opportunities to evaluate and revise their models to extents greater than expected from their lesson plans (Figure 1 ). Descriptive statistics for modeling practice scores from both the lesson plans and enacted lessons are provided in Table 3 .
Third, analyses showed that teachers using the modeling-enhanced version of the curriculum implemented more model-centered instructional practices than teachers in the comparison condition, (M comparison = 15.89, SD = 5.15 and M intervention = 28.21, SD = 7.76), and represents a large effect size, d = 1.87. There was not a significant effect of the classroom on observed model-centered instructional practices at the p < .05 level for the five classrooms in intervention condition, F(4, 14) = 1.09, p = .4. However, a significant effect was observed for classroom in the comparison condition, F(5, 22) = 2.87, p = .04. Post hoc comparisons of model-centered instructional practices for classrooms in the comparison group using t-tests with Bonferroni correction indicate that the mean score for Classroom 1 (M = 22, SD = 6.46), the highest scoring classroom, was significantly different than for Classroom 2 (M = 12, SD = 2.94), the lowest scoring classroom. However, other observed differences between classrooms in the comparison condition were not statistically significant. Overall, these findings suggest that with the exception of the two outlier classrooms in the comparison group, similar model-centered instructional practices were observed in classrooms within each condition. Figure 2 and Table 4 present the mean number of modeling practices, by component, for both sets of classrooms, as well as differences between the comparison and intervention classrooms. Students in both sets of classrooms were afforded similar opportunities to construct and use models. However, whereas students in the comparison classrooms were afforded virtually no opportunities to engage in model evaluation and revision, those in the intervention classroom were. Observed differences for these two modeling practices displayed high effect sizes, indicating that students in the two sets of classrooms experienced fundamentally different learning opportunities through which to evaluate and revise their water cycle models.
These differences were observed in a variety of teaching and learning activities observed in these classrooms. While students in the comparison classrooms were afforded learning opportunities that primarily focused on manipulating physical models to generate explanations for the hydrosphere, students in the intervention classrooms used their own representations as models to reason about and create explanations of water cycle and processes in the hydrosphere. As guided by the modelingbased curriculum, instruction in intervention classrooms was focused on investigating the concepts integral to the driving questions. Students were afforded iterative opportunities to develop models of the hydrosphere and then use their illustrations (models) to explain components (parts of water cycle), processes (how a water cycle works), and mechanisms (why a water cycle works) in the context of concrete, water-related phenomena. The use of the modeling-enhanced curriculum allowed students to articulate how specific mechanisms, like temperature, impacted various processes inherent to water movement in the hydrosphere. Finally, whole class discussions were frequently facilitated in intervention classrooms where students were afforded opportunities to discuss the strengths and weaknesses of their models, revise them and achieve a consensus among peers.
To address RQ2, we asked, how does the modeling-enhanced curriculum impact students' modelbased explanations (MBE) for hydrologic phenomena? To test baseline equivalence between the intervention and comparison groups, Hedges' g was calculated on the MBE preunit scores. It was found that baseline equivalency was not established, Hedges' g = 0.32. Due to the lack of preunit equivalency, a one-way multivariate analysis of covariance (MANCOVA) was conducted to examine the mean difference between conditions on the set of postunit epistemic feature scores, controlling for the preunit epistemic feature scores. The intervention group scored significantly better than the comparison group on the combined dependent variables after controlling for preunit epistemic feature scores, F(5, 184) = 7.911, p < .001, Wilks' Λ = 0.836, partial η 2 = 0.177. Mean scores for students'
MBEs in four of the five intervention classrooms were higher than all six classroom means for students' MBEs in the comparison classrooms. Analysis of variance and post hoc t-tests with Bonferroni correction were conducted to compare students' MBEs by classroom within each condition. A significant effect was observed for classroom in the intervention condition, F(4, 80) = 9.19, p < .01. Post hoc comparisons indicate that the mean score for Classroom 6 (M = 12.21, SD = 3.15), the highest scoring class, was significantly different than the two lowest scoring classes: Classroom 2 (M = 9.2, SD = 1.63) and Classroom 5 (M = 8.74, SD = 2.62). A significant effect was also observed for classroom in the comparison condition, F (5, 111) = 3.95, p = .02. Post hoc comparisons indicate that the mean score for students' MBEs in Classroom 10 (M = 17.46, SD = 5.46), the highest scoring class, was significantly different than the three lowest scoring classes: Classroom 8 (M = 12.24, SD = 4.1), Classroom 9 (M = 11.88, SD = 3.7), and Classroom 11 (M = 8.92, SD = 3.53). Other observed differences between classrooms in both the intervention and comparison conditions were not statistically significant. Overall, these findings suggest that with the exception of the higher-scoring outlier classrooms in each condition, students' MBEs were comparable to those in other classrooms within each condition. Follow-up one-way univarite analysis of covariance (ANCOVA) tests were conducted for each postunit epistemic feature score, controlling for preunit epistemic feature scores and the other postunit epistemic feature scores. Students in the intervention condition scored significantly higher than did students in the comparison condition on three epistemic features: components, sequences, and explanatory processes (Table 5) .
The description that follows describes epistemic dimensions of components, sequences, and explanatory processes in students' models from classrooms in which the modeling-enhanced and standard versions of the FOSS Water unit were implemented.
| Components
In students' models of the water cycle, critical components included both visible and nonvisible forms of water, distributions of water, and pertinent stocks and flows. Specific examples include snow, rain, and hail as forms of visible precipitation; temperature, gravity, or wind as an external actor on the system but still integral; and puddles, lakes, clouds, water vapor, or groundwater as visible and nonvisible reservoirs. Inclusion or exclusion of these components provides evidence of a student's understanding of the core elements included in the water cycle.
While students in both comparison and intervention classrooms developed water cycle models that included a variety of components and we observed students' initial models were very similar between groups. In both intervention and comparison classrooms, students included numerous components of the water cycle, as well as evidence of human dimensions of water systems (e.g. livestock, people, cars, etc.). However, by the end of the FOSS Water unit, both groups (comparison and intervention) had increased the number of relevant components in their water cycle models, while there were fewer evidence elements that were not directly connected to water. Common components which occurred more frequently across both groups included the sun, rain, and puddles/lakes, which are all visible components of the water cycle at both smaller and larger scales. Students also exhibited limited success representing water vapor in the form of evaporation as a nonvisible component. In addition to these overall gains observed in students in both groups, intervention students' models also contained additional components illustrating groundwater. These additional components were often elaborated and explained in students' written responses to task prompts. Figure 3 displays two similar postunit water cycle models and written responses articulated by students in the comparison (Adam) and intervention (Deena) groups. While Adam's (comparison group) model does have some components relevant to the water cycle (e.g. water in both liquid and gas forms, the sun, a puddle as a water reservoir), explicit representation of evaporation or water vapor (a nonvisible component) is missing. He vaguely eludes to evaporation in his writing, but without any depiction in his model, he does not receive credit for representing a nonvisible component. This challenge was evident across both groups of students about evaporation.
In contrast, students in the intervention classrooms emphasized nonvisible components of the water cycle to a greater extent in their postunit models, particularly groundwater. For example, Deena (intervention) includes water underground in both her diagrammatic model and her written work. Deena's written work helps clarify what is going on in her model; "…the water that's coming down is going threw [sic] the ground and soil, sand, rocks…" indicating her intent to represent groundwater through her faint lines, weaving through the ground. By including nonvisible components in her model, Deena's model illustrates a more robust understanding of components underlying the water cycle. Another example is Emily (Intervention_H_post_10_Emily). Her model (Figure 4 ) mirrors her explanation representing multiple layers underground and water movement stopping at bedrock. In support of her model, who wrote, "I showed water evaporating from a puddle and I showed that water moving down words[sic] was seeping throw [sic] the soil and stopped [sic] at the beadrock [sic]…" Emily was able to recognize and represent a myriad of components she believes are important and related to the water cycle, including elements that are not traditionally visible, again around groundwater.
In general, intervention students' ability to represent nonvisible components associated with groundwater was markedly clearer in the postunit models, in part because of their written descriptions and explanations for their models. This trend was observed within and across individual classrooms comprising both the comparison and intervention groups. This attention to groundwater was largely absent from the comparison group in both the pre-and post-unit models.
| Sequences
In students' water cycle models, sequences were operationalized as connections between components, typically representing water processes and movement. These associations represent changes or shift (e.g. temporally, spatially, between phases). Overall, higher levels of model-based explanations are associated with a greater number of sequences students identify and complexity of the networks in their models. Through qualitative analysis of students' models and written work, we observed similar sequences in all students' preunit models. However, after the unit, intervention students' models showed an increase of sequences. Again, these differences were primarily attributable to their increasing attunement to groundwater as described in the previous subsection.
Initially, students in both intervention and comparison classrooms focused on water movement above ground transitioning from liquid to gas during their initial models ( Figure 5 ). As illustrated in DJ (comparison) and Tyler's (intervention) preunit models, students from both groups represented water moving from the atmosphere to the ground through the process of precipitation. Both DJ and Tyler also emphasized that water would also move from the ground to the atmosphere through evaporation. DJ included additional process sequences in the form of arrows to reflect evaporation (liquid to gas and gas to liquid), while Tyler included a written description of the process of evaporation. In this comparison, the students' models are similar in terms of evidence of model-based reasoning about water processes, though the mode of representation selected by each student differed. While students' preunit models in both groups focused on water process sequences above ground, differences between the groups were evident by the end of the unit. By the postunit models, intervention students had begun displaying additional sequences associated with groundwater. Overall, students in intervention classrooms included a more sophisticated and complete set of process sequences in their postunit models, most strongly observable in relation to groundwater. Consider Caitlin's postunit model as a representative example (Figure 6 ). Catlin (Intervention_H_post_4_Catlin) represented precipitation as both snow and rain (left side) and water moving down a hill to form a puddle (right side). Additionally, her model includes how water flows faster or slower depending on the material it is flowing through (bottom left) and does not flow through bedrock. In her paired written work explains "…so the water piles up until somebody will dig a hole and drink the water." This series of sequences in addition to others not mentioned is one of the best representations of how students can use their models to connect multiple components in the hydrosphere. While most intervention models were not as complex as Catlin's, many did include multiple sequences, including those which occurred underground (nonvisible). Intervention group students' comparatively greater emphasis on groundwater processes by the end of the unit is evidence of growth in their model-based explanations for the water cycle.
| Explanatory process
As described previously, students' abilities to engage in explanatory processes are related to identifying causal mechanisms that connect components and sequences of hydrologic phenomena in their models. This epistemological feature is evident in students' models as they begin acknowledging causal processes by recognizing that various factors such as temperature, gravity, surface area, pressure influence water movement in the hydrosphere. Prior to engaging with the model-based curriculum, students in both sets of classrooms included the sun as a component but very rarely discussed or considered the sun's influence on the system. In both their written explanation and diagrammatic models, students did not address how or why the sun might be included in the different water cycle processes. For example, one student in the comparison group, Rob*, wrote: "[the water] evapratid. The sun was so bright. The water few up into the Air.
[sic]" His written response illustrates his reasoning that the brightness of the sun somehow caused water to move into the sky but the connection between evaporation and the sun FIGURE 7 Rob's model illustrating limited explanatory process for interrelationships between the sun, heat, and evaporation was not explained. Additionally, when looking at his model (Figure 7) , we observe that while he included the sun in his model, it is not explicitly connected to any other components or sequences represented in the model. This type of "floating sun," unattached to any other element of the water cycle, was very prevalent in students' preunit models from both sets of classrooms. On the rare occasion, when the sun was included and linked to a process, students tended to not indicate or explain how temperature (i.e. energy) impacted the water cycle due to solar radiation.
However, at the end of the Water unit, both comparison and intervention students' models became progressively more complex. Both sets of students included more components in their models (e.g. the sun, clouds, ground layers, and run-off ). Furthermore, students' representations in regards to the sun's impact on the hydrological systems showed a significant difference between groups in two different ways. First, while comparison students' models about hydrosphere continued to represent the sun as a discrete entity, the models created by the students in the intervention group identified the sun as a "heat source" integral to the water cycle processes. Second, intervention students' models demonstrated the sun interacting and impacting with other components like clouds and bodies of water on the Earth's surface. As students identified sun as a heat source, this impacted their explanations for fundamental hydrologic processes. Intervention students described the heat from the sun as a causal agent in processes that transport water from the Earth's surface to the atmosphere (i.e. evaporation). Bri*, an intervention student, explained: In my model I have the sun that is for the water to evaporate because you need heat to evaporate water to coulds [sic] and it makes them fuller. Her comment associated the sun to heat, a more generalizable mechanism of water movement. Other students in the intervention group explicitly labeled the sun as a source of heat, which implies any source of heat would return similar results. Second, intervention students had the sun connected to specific hydrological phenomena. Bri's model (Figure 8 ), demonstrates connected rays of the sun to puddles of water. Each ray is labeled with the word "heat." Using labels in her model, she explained how the heat from the sun is an integral part of the various processes (evaporation and condensation) happening in the hydrosphere. Her use of heat as a connected explanatory process of water movement was representative of intervention students.
By connecting mechanistic elements like heat, student explanations became inclusive of what happens (cycling of water), how it happens (evaporation, condensation, precipitation), and why (the sun is a source of heat responsible for the various phenomenon) it happened. It should be noted, that while intervention students' explanatory processes did increase in complexity, they were still primarily focused on evaporation in relation to the sun's role in the water cycle. Other mechanistic ideas (e.g. gravity and surface area) were not accounted for to significant degrees by either group of students.
| Summary of results
In summary, findings from this study show that the two versions of the FOSS Water unit were enacted with relative fidelity by the teachers in both intervention and comparison groups. Where both groups provided fewer opportunities for students to Use their models than were expected from lesson plans, students in the intervention classrooms were afforded greater opportunities to Evaluate and Revise their models than those in the comparison classrooms. As such, students in intervention classrooms engaged in more robust model-based learning opportunities than did students in comparison classrooms. Students in the intervention classrooms also exhibited greater gains in their MBEs for water between the beginning and end of the Water unit. These gains were largely due to three underlying epistemic dimensions of MBEs-components, sequences, and explanatory process. Results of qualitative analyses of students' modeling tasks illustrate comparative differences between students' pre-and post-unit MBE in the comparison and intervention classrooms.
| DISCUSSION
This study provides evidence for the potential impact of a model-centric elementary science curriculum module and associated science instruction on elementary students' MBEs for water-related phenomena. Prior research has illustrated limitations in elementary students' reasoning about the hydrosphere (Bar & Travis, 1991; Dove et al., 1999; Henriques, 2002; Schwarz & White, 2005; Schwarz et al., 2009; Zangori et al., 2015; Zangori et al., 2017) . Scientific modeling is a productive practice through which students, including early learners, can visualize and reason about this complex natural system. However, identified as one of seven core science and engineering practices in the Next Generation Science Standards (Bybee, 2011; NGSS Lead States, 2013) , scientific modeling remains underemphasized in elementary science learning environments. Previous work from this project demonstrated that elementary students can successfully engage in model-based reasoning about water (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) when provided opportunities to do so in parallel with effective scaffolding and support through curriculum and instruction. Our work reinforces encouraging findings from a larger body of research in the field that has shown scientific modeling to be an accessible and productive scientific practice through which early learners can develop an understanding of natural phenomena (Acher et al., 2007; Lehrer & Schauble, 2010; Louca & Zacharia, 2015; Manz, 2012; Schwarz & White, 2005) . The results presented here contribute to and extend this literature by providing strong evidence of the impact of a model-centric curricular intervention on elementary students' MBEs within one disciplinary domain-the hydrosphere-through a quasi-experimental, mixed methods study.
The current study extends this body of work in three critical ways. First, frequently used curriculum materials for elementary science often focus on scientific inquiry by developing students' knowledge through observations, developing questions, creating hypotheses, conducting experiments, and articulating conclusions. These processes reflect and simplify science and engineering practices by emphasizing the ways in which students develop scientific understanding. Engaging students in modeling-based learning, where students consistently engage in understanding science through model development, use, evaluation, and revision, allows them to experience how modeling is a core, crosscutting dimension of science (Coll et al., 2005; Gilbert, 2004; Gouveau & Passmore, 2017; Stewart et al., 2005) . These approaches are codified in the form of curriculum materials, which lay the foundation for MBSS students ultimately experience. However, evidence for the comparative impact of model-centered curriculum and teaching on student outcomes is limited. This study provides empirical evidence that elementary students exposed to modeling-centric curriculum and instruction developed a more in-depth understanding of what elements constitute hydrosphere, how these elements interact in the form of various processes, and why these interactions are critical to the functioning of the hydrospheric system. These are core concepts and disciplinary ideas that prior research has found particularly problematic for early learners (Baek et al., 2011; Bar & Travis, 1991; Dove et al., 1999; Henriques, 2002; Schwarz & White, 2005; Schwarz et al., 2009; Zangori et al., 2017; Zangori et al., 2015) . This study therefore presents important findings that validate and point to the impact of curricular interventions designed to enhance elementary students' use of models to reason about natural phenomena (Krajcik & Merritt, 2012) , reinforcing the value of a core science and engineering practice highlighted in the Next Generation Science Standards (Bybee, 2011; NGSS Lead States, 2013) for early learners.
Second, study findings illustrate the critical role of the teacher in translating a model-centric curricular intervention into classroom experiences for students. As shown in the study results, students in intervention classrooms were afforded more opportunities for model construction, use, evaluation, and revision than in the comparison classrooms. Teachers in intervention classrooms engaged students in more model-centered instructional practices than teachers in the comparison classrooms. These findings validate the design of the modeling-enhanced version of the FOSS Water unit. Results also show teachers enacted the two version of the unit with relative fidelity, providing an important measure of how teachers translated the intended curriculum into actual student learning experiences, or fidelity of implementation (FOI; Century et al., 2010) . However, there were subtle differences observed in how the teachers implemented the two versions of the Water unit. For example, while model-based instruction was remarkably consistent in the intervention classrooms, some variation was observed in how teachers in the comparison condition foregrounded modeling for students with the bounds of the standard version of the Water unit. Additionally, in both sets of classrooms, teachers afforded students fewer opportunities to construct and use models than were afforded in MBSS in both versions of the Water unit. These observations reinforce the important role of the teacher in curriculum implementation (Brown, 2008; Krajcik & Delen, 2017 ) and the varied approaches through which teachers support students' model-based reasoning about natural phenomena (Akerson et al., 2011; Justi & Gilbert, 2002; Kahn, 2011; Oh & Oh, 2011) Finally, third, this study provides insight into underlying components of scientific modeling that a curricular intervention can help enhance for early learners, as well as those for which more curriculum development may be necessary. Study results suggest that students experiencing the modelcentric version of the curriculum were able to develop more complex explanations for hydrospheric phenomena using the epistemic features of components, sequences, and explanatory processes. Studies have reported that elementary students are consistently challenged in viewing connections between water as represented in various models and other instructional representations and their lived experiences (Dickerson et al., 2007; Dove et al., 1999; Henriques, 2002) . They also frequently underemphasize the causal mechanisms (i.e. explanatory processes) that underlie and connect both components and process sequences that comprise such systems (Baek et al., 2011; Bar & Travis, 1991; Schwarz & White, 2005) . In our previous studies, we have found these epistemic dimensions-components, sequences, and explanatory process-to be accessible entry-points to scientific modeling students Zangori et al., 2017; , as well as teachers in elementary science learning environments. Results from this study reinforce these previous findings, showing that students exposed to a modeling-enhanced version of the curriculum were better able to identify both water cycle components and processes, as well as emphasize mechanisms in their water cycle models. Increased proficiency with these underlying epistemic dimensions is a critical modeling competency for students, particularly early learners, to begin to view and use models not only as illustrations, but as abstract representations and cognitive tools (Coll et al., 2005; Gilbert, 2004; Gouveau & Passmore, 2017; Grosslight et al., 1991; Stewart et al., 2005; Schwarz et al., 2009 ). As such, this is an important finding that provides evidence for the effect of purposefully designed, model-centric curriculum and instruction on specific epistemic dimensions of model-based explanation-construction for which elementary students may need the greatest amount of scaffolding and support.
| CONCLUSION AND IMPLICATIONS
This study contributes to research on teaching and learning about the hydrosphere (Bar & Travis, 1991; Dickerson et al., 2007; Dove et al., 1999; Gunckel et al., 2012; Henriques, 2002; Marquez et al., 2006; Schwarz et al., 2009 ) and scientific modeling in elementary science learning environments (Acher et al., 2007; Lehrer & Schauble, 2010; Louca & Zacharia, 2015; Manz, 2012; Schwarz & White, 2005) . It represents the culmination of 5 years of work through an NSF-funded project to support teaching and learning about the hydrosphere in elementary science learning environments and empirical research to inform instruction, curriculum development, and assessment of related outcomes (Forbes et al., 2015a,b; Vo et al., 2015; Zangori et al., 2015; Zangori et al., 2017) . Results from this research have important implications for model-based teaching, the development of model-centric curriculum materials, and research on modeling in elementary science learning environments.
Insights from this study reinforce the need for synergistic approaches to curriculum and instruction grounded in shared principles and heuristics for scientific modeling. We argue, as do others (Gouveau & Passmore, 2017) , that teachers and students should learn explicitly about facets that constitute scientific modeling to develop a perspective on models as "an epistemic agent" rather than a simple representation of a scientific phenomenon. However, for students and teachers, scientific modeling has arguably been a less emphasized sensemaking practice in the context of decades of science education reform efforts (e.g. scientific inquiry). To address this historical underemphasis, and translate the Next Generation Science Standards' priority on scientific modeling into science classrooms, the importance of effectively designed curriculum materials cannot be understated. Well-developed MBSS provide students and teachers with concrete, structured opportunities for co-participation in model-centric science learning environments. Their design should be informed by findings from empirical research on model-based science teaching and learning, such as the study presented here. For students, these MBSS can include targeted supports reflecting areas of particular need, such as epistemic dimensions highlighted by findings from this and other research, and promote students' development of meta-modeling knowledge (Schwarz & White, 2005) . They can also include elements specifically designed to support teachers' learning and pedagogical decision-making (i.e. educative curriculum materials; Krajcik & Delen, 2017) based upon identified aspects of model-based instruction where teachers may benefit from additional support. These curriculum development efforts must be supported by effective learning opportunities for both preservice and inservice teachers to reflect upon their own instructional practices and those of their colleagues to learn to effectively cultivate modelcentric science learning environments focused on student sensemaking about natural phenomena (Akerson et al., 2011; Justi & Gilbert, 2002; Kahn, 2011; Oh & Oh, 2011; Vo et al., 2015) .
Second, this study presents a valid and reliable new instrument with which to characterize scientific modeling in science classrooms. While research has explored the levels of engagement and understanding of scientific modeling among students across the K-12 continuum (Acher et al., 2007; Grosslight et al., 1991; Lehrer & Schauble, 2010; Louca & Zacharia, 2015; Manz, 2012; Schwarz & White, 2005; Schwarz et al., 2009; Stewart et al., 2005; Zangori et al., 2017) , little work has been conducted to develop valid and reliable measures of observed classroom practices for scientific modeling. Alongside other observation protocols in the field of science education (Bodzin & Beerer, 2003; Forbes, Biggers, & Zangori, 2013; Luft, 1999; Sawada et al., 2002) , this new instrument can provide a useful tool for characterizing scientific modeling as planned for and enacted in science learning environments. It affords the ability to provide a measure of scientific modeling in both science curriculum materials (i.e. lesson plans) and in the actual science teaching and learning that occurs in science classrooms. Teachers interested in adopting scientific modeling as an instructional practice can use the features identified in the modeling observation protocol to guide their pedagogical reasoning for implementing curriculum and instructional approaches that support students' model-based reasoning about natural phenomena. As illustrated here, it is also a valuable tool for researchers to investigate scientific modeling across the K-12 continuum. In both ways, its use can support effective implementation of scientific modeling in science classrooms as advocated in the Next Generation Science Standards (NGSS Lead States, 2013).
Finally, study findings highlight areas for future research. The present study is limited by its quasi-experimental nature, meaning teachers and students were not randomly assigned to the two conditions, nor were they perfectly matched across the two groups. For example, teachers in the intervention group were, on average, more experienced in the classroom, which could have influenced their enactment of the enhanced Water unit and/or pedagogical skills supporting students' MBEs. This research could be replicated and enhanced through fully randomized research design with a larger, matched sample of classrooms and students. Additionally, similar studies in different disciplinary domains (life science, physical science, etc.) would provide further insights into curricular and instructional approaches to supporting early learners' model-based reasoning about natural phenomena in alignment with the Next Generation Science Standards (NGSS Lead States, 2013) . Such studies would contribute significantly to the design of MBSS across the elementary grades. Similarly, future studies could explore the design and teachers' use of educative supports embedded in curriculum materials to ascertain their influence on teacher learning and instructional practices in support of scientific modeling. Future work should continue to explore the pedagogical reasoning upon which teachers make decisions about how and why to implement curriculum-based MBSS and engage students in modeling practices in the classroom. Such work would build upon prior research and advance efforts to support model-based teaching and learning in elementary science learning environments.
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